( 1 2) 4* Ittt * ft 8 1 = & -3 ^ T 4b Pi £ 41 fc S fg? ffi & 



(19) ffi^aWRJr^lt^iS 
(43) 

2001 ^7^5 3 (05.07.2001) 




PCT 



(io) m&'AMW^ 

WO (01/48935 Al 



(51) mmfftflr: 

(21) g|@Ugg§#: 

(22) ilgtljIS: 

(25) mfsmmomm-. 

(26) sis- 



H04B 1/44, H03H 7/46, H01P 1/15 
PCT/JP00/09435 
2000 12 ^28 B (28.12.2000) 
0 ^iE 
B*I§ 



(30) @5fc*t^r — 

$#^¥ 11-372747 

1999^12^28 B (28.12.1999) JP 

(71) a^A ^Tcofg^gizoi^r;: Bfit 

^^»^^tt (HITACHI METALS, LTD.) [JP/JP]; T 
105-8614 Sffi«BitE£;SlTB2-l Tokyo (JP). 



(72) 5SSB#; jScfct* 

(75) S§K*/ajSA^grzoi*r<z>*f;: m& jS(KEM- 

MOCMI, Shigeru) [JP/JP]; T 360-0856 iS^mfiS«m»J 
jftl-65 Saitama(JP). 2£2L&& (WATANABE, Mitsuhiro) 
[JP/JP]; t 680-0861 Sffift^Ifcr|T^74-6Tottori (JP). S 
BIS (TABCETA, Tsuyoshi) [JP/DE]; D-40547 fa^ 
-feJL/ KJU? * — X>->zl£ ^^x>x h^-fe 4 
Dusseldorf (DE). (TAE, Hiroyuki) [JP/JP]; T 

680-0873 ^8* ia&8ntT Mif2T S 73 Tottori (JP). 

(74) ffcSA: SSttKTAKAISm^Kitsuina); =r 162-0825 
?tE#SS6T S 67 Tokyo (JP). 

(81) fg^SfSFty: JP,US. 

(84) m^m (JUmj: 3 — n*y/^*$i*(AT,BE,CH s CY,DE, 
DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, TR). 



(54) Title: HIGH-FREQUENCY SWITCH, HIGH-FREQUENCY SWITCH MODULE, AND WIRELESS COMMUNICATION 
DEVICE 

(54) mwozfoi nmfcX'CyTism. Rif^tizmi^tzismxix* ^^^^^ju^xsizmmmm^m 



< 

©9 




DCS RX 



PCS RX 



(57) Abstract: A high-frequency switch circuit common to a plurality of frequency bands comprises a first high-frequency switch 
connected to first high-frequency signal input and output terminals and adapted to pass transmission signals of a first or a second fre- 
quency band and block received signals of the first and second frequency band; and a demultiplexer has a first high-frequency circuit 
which consists of a first phaser connected to the first terminal and a first bandpass filter succeeding to the first phaser, and a second 
high-frequency circuit which consists of a second phaser connected to the first terminal and a second bandpass filter succeeding to 
the second phaser. The transmission line in the first phaser has a line length such that the input impedance of the first high-frequency 
circuit is substantially open in the pass band of the second bandpass filter, whereas the transmission line in the second phaser has 
a line length such that the input impedance of the second high-frequency circuit is substantially open in the pass band of the first 
bandpass filter. Thus, the high-frequency switch circuit passes one of the received signals of the first and second frequency bands 
and blocks the other. 
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A mtim IP1 C7y-F fisgft U ft V - K £ T — ^ liSfc:&£lttl& LGl 
£*lT^£o AtB^IPl GSM RX fc©Hfcttfc3&SiUfcLG2 jW88I£U 
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^>+J-WDCS SAWs PCS SAW (D&fflBM? J tek-oTWMfr&lJ y b 
^-f^-— h* DP1 N DP2 &<&t$m&k.mw£n^ ?J*~-Y DPl N DP2 

20 tfONJRflgfc&So K DPI ON ^ h& 3 ^htiD^ ^l^t>*^ 

2©^MHIg&DCS/PCS TXfcgg«SjSIP2 £(Dm<D-f 
£fc ONtIi:«:ofe^t- H DP2^n>7 i >i^CP6 tiots -fejiM 
g§LP2 3WftM«[fl9K:«»^nsc fcfcJ: D#fiU g8HuaiP2 
2 ©^tlnlB&DCS RX.PCS RX{BI^Bfe-T ^ < 

25 £ © «k fg 1 %.Z?m 2 ©$£{§ DCS/PCS TXfr£> ©^IMM-^^ 1 <D&m 
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(2) GSM RX — F 
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J&Xfm2 ©7HMIUgS DCS/PCS TX ®^0^>lf-^>^^#<^So OFF 
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H3©S#HI«IGSMRXfc«|*-rs^i:«:< N ;v^tfeji^n5o 
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&OFFWM£teZ 0 OFFVmtte-2fey'( K DG2 C J; otsfeli^LG2 
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— h 23#qiJi£;ft, s ^ t:^©±l: 2 o©3 >r >1tiS^ S-ocD^-r 
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mmiP5 §i^u ^ >mm 45 1 46 \±^—^—)i>mmxmm^fi^ mm 

^fiBHJi^©^^LG2 N LP2, L G 3x LP3 fc^bTl^&o 

^mrnMy 4 )v saw 74 )\y?&&m$nz>£ j iizmmfaizmmipm 

ft^tl/T, DCS, PCS, GSM(D3~D(DSAW7jJ)/*&mM£tlX^2>o Sfe 
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37 £B\ »«Sfr?g!KUg<D^ > KjW&fcSftTs *y h* DGl s DG2, DPI, 
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iix60^';->^- h£EE#U -ftMUT^MS^ 6.7 mm X 5.0 
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World Intellectual Property Organization 

PCT Administration Division 

34 Chemin des Colombettes 

1211 GENEVA 20 

SWITZERLAND 

"Amendment of the claims under Article 19 (1) (Rule 46)" 

Re : International Application No. PCT/JP00/09435 
Applicant: HITACHI METALS, LTD. 
Agent: TAKAISHI Kitsuma 
International Filing Date: 28 . 1 2.00 



Dear Sir. 



The applicants, who received the International Search Report relating to the 
above-identified International Application transmitted on 21. 03. 01, hereby file amendment 
under Article 19(1) as in the attached sheets. 

Claims No. 1, 2 5 5, 6, 7, 8, 9, 10, 14, 15, 16, 17, and,18 are retained unchanged, and 
claims No. 3, 4, 11, 12, and 13 are amended. 

The Applicants also file as attached herewith a brief statement explaining the 
amendment and indicating any impact that amendment therein might have on the description 
and drawings. 



Very truly yours, 



TAKAISHI Kitsuma 

Attachment: 

(1) Amendment under Article 19(1) 6 sheets 

(2) Brief Statement 1 sheet 
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BRIEF STATEMENT UNDER ARTICLE 19 (1) OF THE TREATY 



With respect to claim 3, the structure of the high-frequency switch 
circuit for switching transmitting and receiving signals in the high-frequency 
switch circuit of the present invention has been clarified. 

With respect to claim 4, the structure of the high-frequency switch 
circuit for switching transmitting and receiving signals in the high-frequency 
switch circuit of the present invention has been clarified. 

With respect to claim 1 1, a typographical error has been corrected. 

With respect to claim 12, the structure of the branching circuit module 
has been clarified. 

With respect to claim 13, the structure of the branching circuit module 
has been clarified. j 
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WHAT IS CLAIMED IS: 

1 . A high-frequency switch circuit common to high-frequency signals 
of a plurality of frequency bands comprising: 

5 a first high-frequency switch connected to a first terminal for 

inputting and outputting high-frequency signals for passing a transmitting 
signal of a first frequency band or a transmitting signal of a second 
frequency band while blocking a received signal of said first frequency 
band and a received signal of said second frequency band; and 

10 a branching circuit comprising a first high-frequency circuit 

comprising a first phase shifter connected to said first terminal and a first 
bandpass filter disposed downstream thereof, and a second high-frequency 
circuit comprising a second phase shifter connected to said first terminal 
and a second bandpass filter disposed downstream thereof, 

15 a transmission line for constituting said first phase shifter having such a 
line length that the impedance of said first high-frequency circuit viewed 
from the input side is substantially open at a passband frequency of said 
second bandpass filter, a transmission line for constituting said second 
phase shifter having such a line length that the impedance of said second 

20 high-frequency circuit viewed from the input side is substantially open at a 
passband frequency of said first bandpass filter, whereby one received 
signal in said first and second frequency bands is permitted to pass while 
the other received signal is shut off. 

2. The high-frequency switch circuit according to claim 1, wherein 
25 said second high-frequency switch for passing a received signal of said 

first frequency band or a received signal of said second frequency band but 
blocking a transmitting signal of said first frequency band and a 
transmitting signal of said second frequency band is disposed between said 

35 




THIS PAGE BLANK (usfto) 



first terminal and said branching circuit. 

3. A high-frequency switch circuit common to high-frequency signals 
of a plurality of frequency bands comprising: 

first and second filter circuits connected to an antenna terminal and 
5 having different passbands from each other; 

a first high-frequency switch connected to said second filter circuit 
for passing a transmitting signal of a first frequency band or a transmitting 
signal of a second frequency band but blocking a received signal of said 
first frequency band and a received signal of said second frequency band; 
10 a second high-frequency switch connected to said second filter 

circuit for passing a received signal of said first frequency band or a 
received signal of said second frequency band but blocking a transmitting 
signal of said first frequency band and a transmitting signal of said second 
frequency band; 

15 a branching circuit connected to said second high-frequency switch 

for passing one received signal in said first and second frequency bands 
but blocking the other received signal, comprising a first high-frequency 
circuit comprising a first phase shifter connected to a terminal on the side 
of said second high-frequency switch and a first bandpass filter disposed 

20 downstream thereof, and a second high-frequency circuit comprising a 
second phase shifter connected to said terminal and a second bandpass 
filter disposed downstream thereof; and 

a high-frequency switch circuit connected to said first filter circuit 
for switching a transmitting signal and a received signal of a third 

25 transmitting/receiving system. 

4. A high-frequency switch circuit common to high-frequency signals 
of a plurality of frequency bands comprising: 

first and second filter circuits connected to an antenna terminal and 
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having different passbands from each other; 

a first high-frequency switch connected to said second filter circuit 
for switching a signal path for passing a transmitting signal of a first 
frequency band and a transmitting signal of a second frequency band, a 
5 signal path for passing a received signal of said first frequency band and a 
received signal of said second frequency band; 

a branching circuit connected to said first high-frequency switch 
for passing one received signal of said first or second frequency band but 
blocking the other received signal, comprising a first high-frequency 
10 circuit comprising a first phase shifter connected to a terminal on the side 
of said first high-frequency switch and a first bandpass filter disposed 
downstream thereof, and a second high-frequency circuit comprising a 
second phase shifter connected to said terminal and a second bandpass 
filter disposed downstream thereof; 
15 a high-frequency switch circuit connected to said first filter circuit 

for switching a transmitting signal and a received signal of a third 
transmitting/receiving system. 

5. A high-frequency switch circuit common to high-frequency signals 
of a plurality of frequency bands comprising: 
20 first and second filter circuits connected to an antenna terminal and 

having different passbands from each other; 

a first high-frequency switch connected to said second filter circuit 
for passing a transmitting signal of a first frequency band or a transmitting 
signal of a second frequency band but blocking a received signal of said 
25 first frequency band and a received signal of said second frequency band; 

a second high-frequency switch connected to said second filter 
circuit for passing a received signal of said first frequency band or a 
received signal of said second frequency band but blocking a transmitting 
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signal of said first frequency band and a transmitting signal of said second 
frequency band; 

a branching circuit connected to said second high-frequency switch 
for passing one received signal of said first or second frequency band but 
blocking the other received signal, comprising a first high-frequency 
circuit comprising a first phase shifter connected to a terminal on the side 
of said second high-frequency switch and a first bandpass filter disposed 
downstream thereof, and a second high-frequency circuit comprising a 
second phase shifter connected to said terminal and said second bandpass 
filter disposed downstream thereof; 

a third high-frequency switch connected to said first filter circuit 
for passing a transmitting signal of a third frequency band or a transmitting 
signal of a fourth frequency band but blocking a received signal of said 
third frequency band and a received signal of said fourth frequency band; 

a fourth high-frequency switch connected to said first filter circuit 
for passing a received signal of said third frequency band or a received 
signal of said fourth frequency band but blocking a transmitting signal of 
said third frequency band and a transmitting signal of said fourth 
frequency band; and 

a branching circuit connected to a fourth high-frequency switch for 
passing one received signal of said third or fourth frequency band but 
blocking the other received signal, comprising a first high-frequency 
circuit comprising a first phase shifter connected to a terminal on the side 
of said fourth high-frequency switch and a first bandpass filter disposed 
downstream thereof, and a second high-frequency circuit comprising a 
second phase shifter connected to said terminal and a second bandpass 
filter disposed downstream thereof. 

6. A high-frequency switch circuit common to high-frequency signals 
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of a plurality of frequency bands comprising: 

first and second filter circuits connected to an antenna terminal and 
having different passbands from each other, 

a first high-frequency switch connected to said second filter circuit 
for switching a signal path for passing a transmitting signal of a first 
frequency band and a transmitting signal of a second frequency band, and a 
signal path for passing a received signal of said first frequency band and a 
received signal of said second frequency band; 

a branching circuit connected to said first high-frequency switch 
for passing one received signal of said first or second frequency band but 
blocking the other received signal, comprising a first high-frequency 
circuit comprising a first phase shifter connected to a terminal on the side 
of said first high-frequency switch and a first bandpass filter disposed 
downstream thereof, and a second high-frequency circuit comprising a 
second phase shifter connected to said terminal and a second bandpass 
filter disposed downstream thereof; 

a second high-frequency switch connected to said first filter circuit 
for switching a signal path for passing a transmitting signal of a third 
frequency band and a transmitting signal of a fourth frequency band, and a 
signal path for passing a received signal of said third frequency band and a 
received signal of said fourth frequency band; and 

a branching circuit connected to said second high-frequency switch 
for passing one received signal of said third or fourth frequency band but 
blocking the other received signal, comprising a first high-frequency 
circuit comprising a first phase shifter connected to a terminal on the side 
of said second high-frequency switch and a first bandpass filter disposed 
downstream thereof, and a second high-frequency circuit comprising a 
second phase shifter connected to said terminal and a second bandpass 
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filter disposed downstream thereof. 

7. The high-frequency switch circuit according to any one of claims 
1-6, wherein transmission circuits of a plurality of frequency bands are 
common to said transmitting/receiving systems. 

8. The high-frequency switch circuit according to any one of claims 
1-7, wherein each of said transmission lines has a line length of A/10- A/4. 

9. The high-frequency switch circuit according to any one of 
claims 1-8, wherein said first and second bandpass filters are surface 
acoustic filters, laminate-type dielectric filters, coaxial resonator filters or 
bulk-wave filters. 

10. The high-frequency switch circuit according to any one of 
claims 1-8, wherein an unbalanced output-type surface acoustic filter is 
used for a bandpass filter of said branching circuit, and a balun having an 
unbalance-balance conversion function is connected to the output of said 
unbalanced output-type surface acoustic filter. 

1 1 . The high-frequency switch circuit according to any one of claims 
1-8, wherein a diode is used for said high-frequency switch. 

12. A branching circuit module comprising a first phase shifter 
connected to a first terminal for inputting and outputting high-frequency 
signals, a first bandpass filter disposed downstream thereof, a second 
phase shifter connected to said first terminal, and a second bandpass filter 
disposed downstream thereof, said first phase shifter and said second phase 
shifter being contained in a sintered laminate of dielectric green sheets, 
said first passband filter and said second passband filter being mounted 
onto said laminate. 

1 3. The branching circuit module according to claim 12, wherein said 
first phase shifter is constituted by a transmission line having such a line 
length that the impedance viewed from the input side is substantially open 
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at a passband frequency of said second bandpass filter, and said second 
phase shifter is constituted by a transmission line having such a line length 
that the impedance viewed from the input side is substantially open at a 
passband frequency of said first bandpass filter. 
5 14. A high-frequency switch module comprising the high-frequency 
switch circuits according to any one of claims 1-11 for handling a plurality 
of transmitting/receiving systems of different passbands, wherein each 
high-frequency switch circuit comprises a phase shifter, a bandpass filter 
and first and second filter circuits each constituted by a transmission line 

10 and a capacitor. 

15. The high-frequency switch module according to claim 14, wherein 
at least part of transmission lines and capacitors in said phase shifter, said 
bandpass filter and said first and second filter circuits and at least part of 
transmission lines in said first to fourth high-frequency switches are 

15 constituted by electrode patterns formed on a plurality of green sheets 
made of a dielectric material, said green sheets being laminated and 
sintered to an integral laminate containing said electrode patterns, with 
diodes constituting said high-frequency switches mounted onto said 
integral laminate. 

20 16. A wireless communications device comprising the high-frequency 
switch module according to claim 14 or 15. 

17. A mobile phone comprising the high-frequency switch module 
according to claim 14 or 15. 

18. A mobile phone comprising the high-frequency switch circuits 
25 according to any one of claims 1-11, and voltage control circuits for 

supplying voltage for determining the operation mode of said 
high-frequency switch circuits. 
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